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Dioxin and Medical Waste Incinerators

SYNOPSIS

CHLORJNATED DIOXINS and related compounds are extremely potent toxic substances,
producing effects in humans and animals at extremely low doses. Because these com-
pounds are persistent in the environment and accumulate in the food chain, they are now
distributed globally, and every member of the human population is exposed to them, pri-
marly through the food supply and mothers' milk An emerging body of information sug-
gests that dioxin contamination has reached a level that may pose a large-scale, long-term
public health risk. Of particular concem are dioxin's effects on reproduction, development,
immune system function, and carcinogenesis.

Medical waste incineration is a major source of dioxins. Polyvinyl chloride (PVC) plastic,
as the dominant source of organically bound chlorine in the medical waste stream, is the
primary cause of "iatrogenic" dioxin produced by the incineration of medical wastes. Health
professionals have a responsibility to work to reduce dioxin exposure from medical
sources. Health care institutions should implement policies to reduce the use of PVC plas-
tics, thus achieving major reductions in medically related dioxin formation.

Joe Thornton
MichaelMcCally, MD PhD
Peter Orris, MDMPH

Jack Weinberg
In 1994, the U.S. Environmental Protection Agency (EPA) released its long-

awaited "dioxin reassessment,"1 which summarized an immense body of recent
~~~~-A ~~~~~~research on the toxicity, sources, and occurrence in the environment of the class of

dioxin-like compounds. These substances, now globally distributed, are extremely
potent toxic substances that produce a remarkable variety of adverse effects in

experimental animals, fish, and wildlife, even at low levels of exposure. An emerging body
of scientific evidence, presented in EPA!s dioxin reassessment and elsewhere,2 indicates
that current "background" exposures to dioxin may represent a long-term, large-scale

xw._s ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~~ imat onrpodcin

public health risk to people. Of particular concern are dioxin's ipcso erdcin
development, and immune system function.

In its reassessment, EPA also presented an inventory of dioxin sources,' which
showed that medical waste incinerators were among the largest identified dioxin sources

Medical waste is collected in "red bags," one of which is opened here. Bags contain dioxin-

releasing wastes, Including gloves, tubing, bedpans, trays, and IV and infusion bags.

DICAL WASTE INCINERATORS
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This "Groder" is typical of the medical waste incinerators Installed in hospitals, medical schools, and laboratories. The EPA esti-
mates that there are 2200 to 6700 medical waste incinerators in the United States. Regulations may soon require the "best avail-
able technology," reducing but not eliminating dioxin releases.

in the United States. Institutions dedicated to the preven-
tion and cure of disease may thus turn out to be the greatest
single contributor to a potentially major public health risk.
Incinerators produce dioxin and dioxin-like compounds as
products of incomplete combustion when chlorinated
organic substances are burned. In medical waste, the pre-
dominant source of these compounds is polyvinyl chloride

(PVC) plastic, an inexpensive and common polymer used
for both medical and commercial products. Iatrogenic
dioxin pollution can be largely eliminated by replacing PVC
products with alternative materials.

Given the irony that health care facilities are a large
source of these extraordinarily hazardous chemicals, health
professionals have a responsibility to address these issues.
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Di.ucin and Medical Waste Incinerators

Health professionals should seek to make them
implement PVC substitution policies dinarily pen
in their institutions and in society at cal degradai
large. Ultimately a virtually chlorine- dilute disch;
free hospital materials policy may reaching pa
become a realistic goal. the food ch

transported
Global Distribetio and are now dist
Exposure Arctic Cans

burdens of c
The group ofdioxin-like compounds dependent c

includes all substances similar in chain contai
chemical structure and biological ated by dista

Although we do not know
the precise extent to which
dioxin exposure has already
affected human health, we
can conclude with certainty
that universal exposure to
tese compounds represents
a risk to public health.

effects to 2,3,7,8-tetrachlorodibenzo- these comp
pdioxin (2,3,7,8-TCDD). Among larlyconsun

these are the polychlorinated dibenzo- ties are pass
P-dioxins (PCDDs) and the polychlo- tive stages
rinated dibenzofiurans (PCDFs) that mothers' mi
have chlorine or bromine atoms substi- the average
tuted in the 2,3,7, and 8 positions; a times greate
number of coplanar polychlorinated infant thus
biphenyls (PCBs); and many other sure to these
halogenated, coplanar polynuclear aro-
matic hydrocarbons such as the polr Health E
chlorinated biphenylenes, naph-

aenes, and dibenzothiophenes. Bioche
The terms "dioxin" and "dioxiins" are erful "enviri

used throughout this artide as short- mones, thes(
hand for "dioxin and dioxin-like compounds"; where bind to a rec
research addresses specific members of the dass, we refer to (aryl hydroc
these specifically. These compounds are grouped together plex is then
because they cause a similar spectrum of health effects via a cific DNA
common set of mechanisms, beginning with binding to a whose prodi
common intracellular receptor.4 The toxicity of a mixture of functions. Ui
dioxin-like compounds can be expressed in toxic equiva- metabolicdt
lency (TEQ) units, a single term that represents the sum of ity for its re
the concentrations of each dioxin-like substance adjusted by thus have
its toxicity relative to that of 2,3,7,8-TCDD. endocrine n

Two aspects of the environmental behavior of dioxins entiation o

particularly troublesome. First, they are extraor-
sistent: resisting physical, chemical, and biologi-
tion for decades and longer.5 6 As a result, even
Larges accumulate in the environment over time,
rticularly high levels in aquatic sediments and in
lain. Because they are so long-lived and can be
long distances through the atmosphere, dioxins
tnbuted on a truly global basis.7 Inuit natives of
ada, for instance, have among the highest body
dioxins, furans, and PCBs recorded, due to a diet
on fish and marine mammals from a local food
minated by atmospheric dioxin deposits gener-
ant industrial sources.8

Second, dioxins are highly oil soluble but
insoluble in water; thus they bioaccumulate
in fatty tissues and are magnified in concen-
tration as they move up the food chain. In
species high on the food chain, dioxin body
burdens are typically millions of times
greater than the levels found in the ambient
air, soil, and sediments.9 Dioxins are also
extraordinarily persistent in human tissues:
estimated half-lives in humans are typically 5
to 10 years.i

At the apex of the food chain, the human
population is particularly contaminated. A
spectrum of dioxins has been identified in
the fat, blood, and mother's milk of the gen-
eral populations of the United States and
Canada.7 Virtually all human exposures to

oounds occur through the food supply, particu-
nption of animal products."i Significant quanti-
;ed from mother to child during the most sensi-
of development: across the placenta and via
ilk7 The daily PCDD/PCDF dose received by
nursing infant in the United States is 10 to 20
er than the average adult exposure.4 A nursing
receives about 10% of the entire lifetime expo-
e compounds during the first year of life.'

rfectofDioin

nical studies have shown that dioxins act as pow-
onmental hormones." Much like natural hor-
e lipophilic substances cross cell membranes and
ceptor protein in the cytoplasm, the so-called Ah
carbon) receptor. The dioxin:Ah receptor com-
transported to the nucleus, where it binds spe-
sequences, activating the transcription of genes
lucts are involved in a wide range of biological
Jnlike a natural hormone, however, dioxin resists
egradation and has an extraordinarily high affin-
eceptor.4 Tiny doses of these "false signals" can
powerful effects on processes regulated by
nechanisms, including proliferation and differ-
)f cells and the reproduction, development,
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metabolism, and immune function of organisms.
In laboratory animals, exposure to dioxins, particularly

2,3,7,8-TCDD, has been associated with a remarkable vari-
ety of toxicological effects. (See Table 1.) Some of these
effects have occurred at extraordinarily low doses. (See
"Effects of Dioxin in Laboratory Animals and Humans" on
page 306.)

In humans, our direct knowledge of dioxin toxicity
comes from epidemiological studies of people exposed to
relatively large amounts of dioxin in the workplace or due to
industrial accidents for which exposures are unknown or
difficult to reconstruct. Nevertheless, it is clear that dioxin
causes cancer in humans, and the evidence is mounting that
dioxin exposure has had adverse impacts on human repro-
duction and infant development as well. (See "Effects of
Dioxin in Laboratory Animals and Humans" on page 306.)

Dioxin Poses a Global
Health Risk

Every member ofthe gen- The "backgr(
eral population, from the
moment of conception until and bod)
death, is now exposed to
dioxin due to ubiquitous con-

tamination of the food supply. general hun
Several lines of evidence sug-
gest that these "background" are approacd
exposures may pose signifi-
cant public health risks. First, clearly prod
there does not appear to be a effects in lb(safe or "threshold" dose below in labL
which no health effects
occur.12 In fact, for those bio-
chemical effects that have
been investigated, the avail-
able data indicate a dose-response relationship that is linear
or even supralinear." Thus, low doses cannot be assumed
safe.

Second, the "background" exposures and body burdens
of PCDD/PCDF in the general human population are
approaching levels that clearly produce biological effects in
laboratory animals. Two interpretive reviews of the body of
toxicological literature on low-dose dioxin exposures have
concluded that current human body burdens are equal to or
within one or two orders of magnitude of the levels that
produce metabolic, reproductive, developmental, and
immunological effects in laboratory animals.6'14 This infor-
mation suggests that at least part of the general human pop-
ulation now experiences health risk due to dioxin exposures.

Finally, it is clear that levels of dioxins in the environ-
ment have already caused large-scale effects on wildlife
populations, particularly fish-eating birds and marine mam-
mals. The most severe effects appear to be endocrine-medi-
ated impairment of development, reproduction, and neuro-
logical and immune fiunction. 5120 If dioxin levels are high

na
~i
lu
or

enough to cause these effects in wildlife, then humans-
who are high on the food chain but have slower generation
times-are likely to be at risk as well.

It is possible that universal exposure to dioxins has
already had large-scale impacts on human health. For
instance, incidence rates for many types of cancer have been
increasing internationally for several decades.2122 Further,
several authors have reported a global trend since the 1950s
of falling sperm counts and increasing abnormalities of the
human male reproductive tract.23125 Available laboratory,
wildlife, and epidemiological studies suggest that dioxin and
other persistent synthetic pollutants that disrupt the
endocrine system may be one cause of these trends, which
have occurred during the period of increasing exposure to
compounds that were not produced in significant quantity
before World War II.2526These observations do not estab-

lish dioxin pollution as the
cause of trends in sperm
counts or in cancer rates,
but they suggest a sound

nd" exposures basis for concern and pre-ventive action.
burdens of Although we do not

know the precise extent to
,'.IDF in the which dioxin exposure has

ln population already affected human
health, we can conclude

.ng levels that with certainty that universal
exposure to these com-

Lce biological pounds represents a risk to

catory animals. public health. Any furtherratoryanimals. increase in exposure must
be expected to increase that
risk and/or the severity of
toxic effects.

Dioxin Sources: The Importance of Iatrogenic
Pollution

According to EPA!s 1994 inventory, medical waste
incinerators (MWIs) were the largest known source of diox-
ins in the United States.3 Combustion-related industrial
processes accounted for over 90% of the dioxins and furans
entering the environment from known sources. (See Table
2.) This sector included MWIs, followed by incinerators for
municipal and hazardous waste, metal smelters, and com-
bustion of automobile and truck fuels. EPA:s inventory of
U.S. dioxin sources was preliminary, and further investiga-
tions are likely to lead to quantitative revisions.

The dominant position of health care institutions
among dioxin sources is striking. EPA estimated that the
nation's 6700 medical waste incinerators emitted a total of
5100 grams (TEQ) of PCDD/PCDF per year. Because of
uncertainty in emissions estimates, EPA provided a possible
range for dioxin air emissions from MWIs of 1600 to
16,000 grams (TEQ2 per year. MWIs also release additional
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but unknown quantities of dioxin in ash, slag, and scrubber
effluent. According to EPA's inventory, MWIs accounted
for 45% of dioxin emissions from all identified sources and
about one-fourth of the total PCDD/ PCDF flux that
enters the U.S. environment (25,000 grams [TEQ] per
year). The American Hospital Associa-
tion has disputed these conclusions,27 but
other dioxin-release inventories have i
confirmed EPA's finding that MWIs are
major dioxin sources.28'29 One analysis2.
found that MWIs are the largest source
of PCDD/PCDF deposits in the Great
Lakes, while another29 found that MWIs
were second only to municipal waste
incinerators as sources of PCDD/PCDF j
air emissions in the United States.
Whether MWIs are the largest dioxin
source or merely a major source, they ^
clearly represent a health and environ-
mental problem as well as a challenge for
the professionals and institutions who
manage and contribute to these sources.

Health hazards may be significant for
local populations living near MVWIs
According to the California Air
Resources Board, PCDD/PCDF emis-
sions from such facilities pose lifetime
cancer risks ranging from 1 to 246 per
million to persons in neighboring com-
munities, considering only a few ofmany J
possible exposure pathways.-I MWIs are 2
also the largest known source of mercury
emissions in the United States, and they
are important sources of cadmium and
lead emissions as well.31'32 Additional '
hazards may be posed by releases of res
pirable particulate matter, hydrogen
chloride, and other products of incom-
plete combustion, such as carbon tetra-
chloride, vinyl chloride, polychlorinated 7R
biphenyls, chlorobenzenes, chloroform
and chlorophenols.30'3335

Most medical waste incinerators are
small (capable of burning less than 150
pounds per hour) to medium-sized
(capable of burning up to 1000 pounds
per hour) units located on-site at hospi-
tals and other medical facilities. An estii-
mated 60% of the nation's medical waste
is disposed of in such units.`6 In addition,
approximately 150 commercial incinera-
tors accept medical wastes from a variety
of sources. These units, which have aver-
age capacities four to five times larger
than on-site hospital incinerators,3 burn
an estimated 20% of the nation's medical

waste. The remaining 2096 is autoclaved36 and ultimately
ends up in landfills. The use of commercial incinerators is
expected to increase as more stringent regulations lead to
the shutdown ofmany uncontrolled on-site MWIs.

Plastics comprise as much as 30% of medical waste
weight, in contrast to only 3% to 7% of
municipal trash.37 For the last decade,

^-.=|medical waste generation has increased
rapidly as disposables have replaced
reusables.1 In the decade from the late
1970s to the late 1980s, the plastics

-gw8z~ content of medical waste increased
= . from 10% to 30%.39

Ethical Issues for Health
Professionals

Health professionals have societal
84sJO responsibilities arising from their sta-

__ ^C=X=fi tus, knowledge, and skills, including an
obligation to alert those at risk to the

3g-pc¢8>°s presence of a danger to their health.4
Health professionals' commitment to
act on behalfof the general public wel-
fare is manifested in responsibilities

==ar-, ^~ such as reporting certain infectious
izji2X=X^ adiseases to proper authorities and noti-
S§sg<?x"|hUSg fying motor vehicle departments of

medical conditions that might com-
promise an individual's ability to drive.

-_:. carl.:'<7- :{:
A concern for the health of the

i<i==^ public has been established since the
*?t°jo«s Q;°ga2 industrial revolution as an important
-j_e''* '.~ ~ responsibility of the medical profes-

sion,40 although the proper extent of
this commitment remains controver-
sial. For public health workers, a com-
mitment to disease prevention lies at
the very foundation of their field.

oYS>gdsN3c8 i 1° Given that global dioxin pollution
3-.§'|':. ~has profound implications for the
0e.oYSc#=~ health of individuals and communities

:flx. mand that medical waste contributes
substantially to this pollution, health
professionals bear a responsibility to

*_>owiQince3 act to prevent dioxin exposure. In
1982, Cassel and Jameton put forward

-- a formal argument for the involvement
MM of physicians in the prevention of

nuclear war.41 We believe that a similar
argument should compel health pro-
fessionals to act to prevent exposures to
dioxin and other toxic substances.

=-30Xs-- X Health professionals may be able to
treat some of the health conditions
cause by dioxin b?t c'annot cure them
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When cure is not possible and prevention is effective, pre-
vention is ethically required. It is thus incumbent upon
those in the fields of medicine and public health to work to
avoid dioxin exposures by preventing further environmental
contamination by dioxin-particularly that caused by the
health industry itself. Since dioxin pollution can be reduced
considerably through changes in medical waste and inciner-
ation practices, health workers should strive to prevent fur-
ther dioxin exposure by influencing the materials manage-
ment practices of hospitals and other health-care
institutions.

Two Frameworks for Policy

What approach will yield the most substantial reduction
in environmental releases of dioxin? In general, two strate-
gies are available: one emphasizes pollution control, the
other pollution prevention.

The pollution control strategy, the traditional approach
underlying most current policy in the United States, focuses
on reducing emissions through improved management of
the sources of dioxin. Technologically, this approach relies
on enhanced pollution control technologies that capture
pollutants before they are released into the environment.
Such "end-of-pipe" methods include scrubbers, precipita-
tors, filters, and effluent treatment systems. Captured pollu-
tants must then be treated or disposed of by other means.
Ash and dust from incinerator pollution control devices are
typically placed in landfills.

In contrast, prevention strategies seek to avoid the gen-
eration ofdioxin altogether, thus eliminating discharges into
the environment. The ultimate preventable source of dioxin
generation is the materials that supply chlorine for incorpo-
ration into dioxin, for example, during incineration.
Although a number ofpotential pathways for dioxin forma-
tion have been proposed, all require the following: a source
of chlorine, a source of organic matter, and a thermally or
chemically reactive environment in which these materials
can combine.3 The presence of chlorine donor material turn
industrial processes into dioxin sources. Thus these materi-
als are the appropriate focus for preventive efforts. Preven-
tion strategies thus rely on "front-end" alterations such as
changing production processes, substituting input materials,
and reformulating products.

Ethical issues should also affect the choice of regulatory
strategy. Control-oriented regulations, because they do not
eliminate the production of hazardous pollutants, must
establish an "acceptable" level of pollutant discharge and
exposure, typically using quantitative risk assessments to pre-
dict possible health impacts. The health impacts of dioxin,
however, are not completely characterized, particularly at low
doses. New releases to the environment at levels currently
considered acceptable continue to permit involuntary human
exposures on a large scale until the toxicity is fully under-
stood. This regulatory paradigm creates, in effect, a vast pro-
gram ofhuman experimentation without informed consent.

In contrast, a prevention approach errs on the side of
caution by anticipating environmental damage and changing
production processes to avoid generation ofhazardous pollu-
tants. Unlike reactive environmental policies, which inter-
vene only after damage has occurred and risks are fully quan-
tified, this approach is based on a precautionary principle: in
the face ofcontinuing uncertainty about the exact nature and
magnitude of associated injury, we must seek to anticipate
and prevent environmental damage before it occurs. The
principle applies fundamental tenets of public health prac-
tice-the primacy of prevention, and "first do no harm"-to
environmental policy. The American Public Health Associa-
tion has built on this analysis to argue for the precautionary
phase-out ofthe class ofchlorinated organic chemicals. 42-45
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Limitations of Control Strategy for Iatrogenic
Dioxin Pollution

A pollution control strategy for medical waste incinera-
tors would focus on improving
incinerator technology to reduce
dioxin emissions. In 1995, EPA
proposed new regulations under the
Clean Air Act that embody such an
approach.32 These rules would
require MWIs to install pollution
control equipment-specifically
fabric filters and carbon injection
units-and to improve combustion
conditions to meet minimum
requirements for furnace tempera-
ture and residence time (the period
during which the burning material
is kept inside the incinerator cham-
ber). EPA predicts that full imple-
mentation ofthese rules will reduce
MWI air emissions of dioxin by
99%, lead by 99%, cadmium by
97%, and mercury by 94%.

These rules promise to reduce

transfer pollutants from stack gas into ash and effluents,
which are then disposed of in landfills or discharged into
waterways.3' An MWI in compliance with EPA's new regu-
lations would deposit almost 20 times more dioxin in its ash

Given that global dioxin
pollution has profound
implications for the

health of individuals and
communities and that

medical waste contributes
substantially to this
pollution, health

professionals bear a
responsibility to act to

prevent dioxin exposure.
but not eliminate the dioxin problem associated with
MWIs. Under EPA's scenario, existing medical waste incin-
erators in the United States will still release dioxins and
furans into the air.32 MWIs will continue to contribute to
the nation's dioxin burden and will pose health risks to local
communities. The California Air Resources Board has esti-
mated that MWIs with state-of-the-art pollution control
continue to pose lifetime cancer risks in the one to three per
million range to people in neighboring communities, esti-
mated for just a few exposure pathways.30

Second, lower air emissions do not necessarily reflect
reductions in the total environmental burden of dioxins
because the control devices that EPA will require merely

than it would emit through its
smokestack.32 EPA has asserted
that improved combustion condi-
tions required under the proposed
rules will reduce the total genera-
tion of dioxin, but there are rea-
sons to be skeptical about this
claim. An analysis of trial burns at
a number of MWIs in California
found that significant quantities of
PCDD/PCDF are formed even
when combustion conditions are
good-that is, even with high
temperatures, adequate residence
time, and low emissions of carbon
monoxide and total volatile hydro-
carbons.4'47

Finally, pollution control devices
are costly. EPA has estimated that
its new regulations will more than
double the cost of medical waste

disposal. Costs at existing incinerators are expected to
increase from $168 per ton to $390 per ton. EPA estimates
that its new rules will raise the total nationwide expenditure
on medical waste incineration from the current annual level
of $340 million to $754 million.32

Thus, while the pollution control approach can, at some
cost, reduce dioxin releases at individual locations, this
framework cannot effectively reduce the total environmental
burden. Dioxin contamination is qualitatively different from
the conventional image of pollution, which is localized in
space and time and can be addressed with the add-on tech-
nology of pollution control. Dioxin pollution is character-
ized by persistent global contamination leading to universal,
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multigenerational exposure. Such a problem is of a scope
similar to global warming and ozone depletion and warrants
policy responses of similar scale.

Prevention of Iatrogenic Dioxin Pollution:
The Role ofPVC Plastic

Instead of focusing on improved management ofdioxin-
producing technologies, a prevention strategy for MWIs
would seek to prevent dioxin formation altogether by
changing the hospital waste stream. Polyvinyl chloride
(PVC) plastic is the principal chlorine donor in medical
waste.35'48 It is used in packaging, infusion bags, tubing, bed-

pans, trays, gloves, and numerous other medical applica-
tions. According to one analysis for the city of New York,
PVC gloves and IV-bags alone account for virtually all of
the organic chlorine and over 80% of the total chlorine con-
tent of medical waste.49

PVC, which is 59% chlorine by weight, is the only major
plastic that contains chlorine. Only a small amount of all
PVC is used for medical applications, but the total produc-
tion of PVC is immense: over 5.5 million tons per year in
the United States, consuming about 30% of all chlorine pro-
duced by the U.S. chemical industry.50 PVC is the most
commonly used polymer in the medical device arena: an
estimated 700 million pounds per year of PVC are used in

J uly/August 1996 * Volume I I I306 Public Health Reports



Dioxin and Medical Waste Incinerators

Significant quantities of dioxin and dioxin-like compounds are

passed from mother to child during the most sensitive stages
of development: across the placenta and via mother's milk.
The daily PCDD/PCDF dose received by an average nursing
infant in the United States Is 10 to 20 times greater than the
average adult exposure. A nursing infant receives about 10% of
his or her entire lifetime exposure to these compounds during
the first year of life.

medical devices in the United States, with an annual growth
rate of 6.4%.51

PVC contributes about 80% of the organically bound
chlorine found in municipal incinerators and about half of
the total chlorine (organic plus inorganic).5254 While
municipal waste contains only 0.5% PVC by weight, hospi-
tal red-bag waste-infectious wastes destined for incinera-
tion-contains an estimated 9.4% to 15% PVC, 55,56 while
clear-bag wastes are as much as 18% PVC.56

As discussed below, laboratory, pilot, and full-scale stud-
ies confirm that the feed of chlorine-PVC in particular-
leads to dioxin emissions. Of course, chlorine input is not

the only factor that affects dioxin generation. Facility
design, operating conditions, and the presence of catalysts
also play important roles. These factors modulate the quan-
tity of dioxin formed from chlorinated organic feedstocks.
Several authors have noted that PVC, as the dominant
source of organically bound chlorine in medical waste incin-
erators, is the primary cause of dioxin releases from these
facilities.29,31,37,46,55

It has been suggested that the presence of chloride salts
from biological and other materials will lead to dioxin for-
mation in combustion devices, irrespective of the presence
of chlorinated organic substances.57 Thus the chemical
industry has argued that there is no basis for restricting
organochlorine-containing products.58 Several lines of evi-
dence indicate, however, that chloride salts are relatively
unimportant dioxin precursors. First, no sound empirical
data support the claim that combustion of chloride salts is a
significant source of dioxin. The "chlorine-free" materials
that produce dioxins when burned have never been tested
for residues of organochlorine contaminants, which are now
ubiquitous in air, water, and biological samples.3 In contrast,
several laboratory studies have found that burning PVC
alone produces dioxin in concentrations up to the parts per
million range.59-61 Numerous laboratory studies have found
that combustion of organochlorine-containing materials
results in dioxin formation orders of magnitude greater than
those associated with burning analogous substances con-
taining chlorides but no organochlorines.6l5

The data for incinerators are similar. An ongoing inves-
tigation at a research incinerator at the University ofFlorida
has found a clear relationship between the feed ofPVC and
emissions of dioxins.35'A The Danish Environmental Pro-
tection Agency has found that doubling the PVC feed to a
municipal waste incinerator increases PCDD/PCDF emis-
sions by 32%, while doubling the inorganic chloride content
increases emissions by a much smaller margin.52 A 1993
study for the Dutch Environment Ministry reported that
reducing the PVC feed to a municipal waste incinerator led
to a corresponding reduction in dioxin emissions, particu-
larly when chloride concentrations were kept low.53 When
wood products containing PVC are burned in stoves and
furnaces, dioxin PCDD/PCDF concentrations are up to
three orders of magnitude greater than when unprocessed
wood-which contains chloride-is burned.65 Moreover,
emissions data from a wide range of combustion facilities
indicate a "clear dependence" of dioxin and furan emissions
on the chlorine content of the wastefeed.29

Finally, the historical record underscores the importance
of organochlorine combustion as a dioxin source and sug-
gests that combustion of natural chloride-containing sub-
stances is not a significant source. PCDD/PCDF levels in
the tissues of ancient humans exposed to a significant burden
of wood smoke are no more than 1% to 2% of the amount
found in modem humans. This observation is inconsistent
with the theory that much of today's body burden could be
due to natural sources such as forest fires.3'7'66 Further, studies
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of sediments in the Great Lakes68 and ofvegetation and soils
in the United Kingdom69 show that dioxin PCDD/PCDF
levels remained very low throughout the 19th century. They
began to climb toward their current concentrations only in
this century, with the greatest increases after World War II.
This pattern parallels the development and expansion of the
chlorine chemical industry.

Several studies have found no relationship between
incinerator dioxin emissions and PVC content of the waste
feed. Two trial burns at municipal waste incinerators found
no statistically significant association between PVC feed
and dioxin emissions,70'71 while a recent compilation of trial
burn data from a large number of incinerators also found no
relationship.72 None of these investigations, however, con-
trolled or adjusted for variations in other factors that are also
known to affect dioxin emissions, such as operating condi-
tions and wastefeed composition. A potential relationship
between PVC and dioxin may thus have been masked by
fluctuations in other factos. Indeed, an EPA reanalysis of
the data from one of these studies'° indicates that when
combustion conditions were held constant, emissions of
dioxins and furans tended to increase as PVC content of the
waste rose.73

From this evidence, it appears that PVC is an important
factor in dioxin formation in incinerators and that removal
of PVC from the waste stream will significantly reduce the
generation of dioxin.

Sunsetting Chlerimoed Plastics
in Hospita Supplies

Based on these considerations, PVC reduction emerges
as a clear priority for dioxin prevention efforts. Strategies
should focus on eliminating PVC from incinerator waste
streams by substituting alternative materials. The Congres-
sional Office of Technology Assessment and the Air and
Waste Management Association agree that emissions of
dioxin and hydrogen chloride from MWIs may be reduced
by substituting non-halogenated plastics for halogenated
plastics in hospital oper*iens.31'36

Eliminating the use of PVC will provide other benefits
not associated with air pollution control. First, it will reduce
dioxin releases not just to air but also to waterways and land
disposal facilities. Second, the stabilizers used in PVC prod-
ucts are another important source of MWI cadmium and
lead emissions.3'3637 Substituting other materials for PVC
will thus reduce these highly problematic releases. Third,
because metal chlorides are more volatile than elemental
metals or metal oxides, high chlorine content increases the
release rate of toxic metals from an incinerator into the air;
eliminating PVC feed to MWIs will thus reduce metals
emissions.74

Finally, dioxins are produced when PVC is manufac-
tured, so use of chlorine-free materials in place of PVC for
medical products will prevent the dioxin pollution associ-
ated with the production of PVC. Numerous European

reports and a recent analytical study in the United States
indicate that the synthesis of ethylene dichloride (EDC)
and vinyl chloride monomer (VCM)-the feedstocks for
PVC-result in the formation and release of dioxin, PCBs,
and other chlorinated by-products.75-79 PCDD/PCDF con-
centrations as high as six parts per million TEQhave been
identified in the wastes from one EDC/VCM manufacturer
in the United States.80 Contaminants produced in these
processes are emitted to air, released in effluents, directed
into PVC products, and-to a much greater extent-con-
centrated in tars and other wastes. These wastes are usually
disposed of onsite by incineration, a process that may result
in additional dioxin formation when chlorine-rich wastes
are subject to incomplete combustion.

The recommendations to reduce PVC product incinera-
tion are by no means unprecedented. In Europe, the
Enquete Commission of the German Parliament8" and the
Ecocycle Commission of the Swedish Government54 have
recently recommended complete phase-outs of all uses of
PVC with short lifetimes and of all flexible (as opposed to
rigid) PVC products. In North America, the International
Joint Commission on the Great Lakes (IJC)-a treaty orga-
nization of the United States and Canada-has concluded
that persistent toxic pollution is a hazard to health and the
environment in the Great Lakes and has called for action to
bring industrial discharges of 2,3,7,8-TCDD, 2,3,7,8-
TCDF, and PCBs to zero.82 The IJC has called on the gov-
ernments of the United States and Canada to implement a
timed phase-out of"the use of chlorine and organochlorines
as industrial feedstocks."83

In summary, we have argued that global dioxin contam-
ination is likely to be a significant health risk to human and
animal populations of the planet. Medical waste is a major
source of this pollution. An effective strategy to prevent the
continued generation of dioxin is to remove organochlorine
plastics from the medical waste stream. Reduction and
eventual elimination of PVC use by the health care indus-
try is an important first step in this process. Because med-
ical institutions are major sources of dioxin, health profes-
sionals have a special responsibility to work to prevent
dioxin pollution.
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